ABSTRACT Case-based surveillance of meningitis was implemented in Khartoum State in February 2013 but its implementation has not been evaluated. This study assessed some core (case confirmation) and support (case reporting and investigation resources) functions of case-based surveillance of meningitis at hospital level in Khartoum State, Sudan, from January to March 2015. An interview questionnaire and checklist were used to collect data from 31 hospitals. A poster containing the case definition of meningitis was fixed to the wall in 18% of the hospitals. Bacteriological culture of cerebrospinal fluid (CSF) and antibiotic sensitivity testing of the cultured bacteria were available in one-third of the hospitals. Laboratory personnel trained in CSF examination were present in 29% of the hospitals, while trained reporting unit personnel were present in 52%. A telephone for reporting was present in 74% of the hospitals. The system for casebased surveillance of meningitis needs to be strengthened, particularly the functions related to case confirmation. 
Introduction
Epidemic meningitis has been observed in the African meningitis belt [an area that extends from Senegal to Ethiopia) for over a century (1)]. Initially, surveillance was limited to counting suspected cases and deaths. However, progress in microbiological techniques led to etiological surveillance and observation of strain epidemiology, and thresholds were set for the incidence of suspected cases to guide vaccine response during epidemics The prime objective of surveillance over the next few years will be to evaluate the impact of meningococcal A conjugate vaccine and pneumococcal conjugate vaccine in several if not all countries in the meningitis belt (2). Case-based surveillance of meningitis is the confirmation of every probable case through laboratory testing, to determine the epidemiological and microbiological profile of each case (3) Monitoring and evaluation are crucial for strengthening surveillance and response systems, and they should be an integral part of these systems (7) .
The first objective of this study was to assess the core functions of the surveillance system with regard to availability of posters fixed to the wall in outpatient clinics with the case definition of meningitis, laboratory diagnosis, and feedback from the localities to the hospitals about the received reports. The second objective was to assess the support functions of the surveillance system with regard to availability of standard operating procedures and forms for cerebrospinal fluid (CSF) examination, case investigation and reporting; availability of telephones for reporting; and whether the personnel in the laboratory and the reporting units in the hospitals received training in case-based surveillance of meningitis.
Methods
This study was carried out from January to March 2015. The study population consisted of 15 general, 10 rural and 6 paediatric government hospitals in Khartoum State. An interview questionnaire was used to collect data from the laboratories where the chief personnel or someone assigned by them was interviewed, and from the reporting units.
The public health officers who were away from the hospital at the time of the visit were interviewed by telephone. The questionnaire was adapted from the WHO generic questionnaire (8). The first part concerned laboratory-related functions: availability of culture and sensitivity tests; availability of request forms and standard operating procedures for CSF examination; and training of laboratory personnel for CSF examination. The second part concerned functions related to the reporting unit: availability of a telephone for reporting; availability of standard operating procedures and forms for case reporting and investigation; and training of personnel and whether they received feedback from the localities about the received reports. We checked whether there was a poster containing the case definition of meningitis fixed to the wall in the outpatient clinics. Two hospitals were contacted through telephone only and were not visited (Abudelig and Omkati Hospitals). The data were analysed using SPSS, version 20 where only descriptive analysis was conducted (only counting Table 1 shows the availability of functions related to case confirmation in case-based surveillance of meningitis in hospitals in Khartoum State in 2015. These functions were not present in rural hospitals.
Results
A poster fixed to the wall, containing the case definition of meningitis, was present in 5 of the 28 hospitals that received emergency cases; in 1, it was a poster of list B diseases (an old poster in which meningitis was classified with the diseases that are reported on a weekly basis), and in the other 4, it showed guidelines for dealing with epidemic meningitis. A poster was also present in another 2 hospitals but 1 was on the floor while the other was on the window.
For suspected cases of meningitis in the 20 hospitals that had no culture and sensitivity tests: 12 hospitals refer the cases to another hospital; 3 refer CSF samples to another hospital; 2 refer the CSF samples to the National Public Health Laboratory; 1 refers the samples to Khartoum State Public Health Laboratory; 1 performs only CSF sugar, protein and white blood cell count; and 1 refers the samples to another hospital for culture and sensitivity tests if the initial results for sugar, protein and white blood cell count suggest meningitis. Table 2 shows the functions related to case reporting and investigation in case-based surveillance of meningitis in hospitals in Khartoum State in 2015.
Discussion
The functions related to case confirmation were absent in the rural hospitals but they were available to varying degrees in general and paediatric hospitals. The functions related to case reporting and investigation were to some extent comparable in rural, general and paediatric hospitals.
The request form for CSF examination is available in only one hospital which is a sentinel site for the rotavirus and invasive bacterial diseases surveillance network, and it is provided by the network.
Culture and sensitivity tests were available in 11 hospitals (35%), which was better than in Uganda (9), where only 21% of the health facilities can confirm meningococcal meningitis, and in India (10) , where CSF examination is only available in referral laboratories. A previous study in Khartoum State (11) reported that < 25% of the facilities were able to collect CSF specimens, but it was not determined whether they could perform culture and sensitivity tests. Of the 20 hospitals that had no culture and sensitivity tests, 12 refer the patients to other hospitals, which is consistent with India, where most of the hospitals refer the patients rather than the specimens (10). The culture and sensitivity tests Training of reporting unit personnel 5 9 2
Availability of standard operating procedures for case investigation and reporting 6 7 1
Availability of telephone for reporting 6 13 4
Availability of reporting forms 8 12 4
Availability of case investigation forms 9 9 4
Reception of feedback from the localities 6 5 2
were not available in any of the rural hospitals, which could be explained by the lack of stable electricity supply and qualified laboratory personnel. The standard operating procedures for CSF examination were present in 6 hospitals (19%), and only 3 of these were part of the 11 that perform culture and sensitivity tests. In contrast, the standard operating procedures for case reporting and investigation were present in 14 hospitals (45%). The discrepancy between the laboratory functions and the functions related to case reporting and investigation might be partly related to the different administration of the two departments and lack of coordination between them.
The reporting units personnel were trained in 16 hospitals (52%). This was similar to a study in Ethiopia in which 52% of the health facilities had at least one person trained in surveillance of acute flaccid paralysis (12) . In contrast, the situation was better in Uganda, where they reported that 62% of the personnel in health facilities received training in epidemiology (9) .
Twenty-three of the 31 hospitals (74%) had a telephone for case reporting, which is lower than was previously found in Khartoum State (89.3%) (11) , but better than found in Uganda (27%) (9) .
Case investigation forms were present in 22 (71%) of the hospitals and case reporting forms in 24 (77%). This is inferior to the 100% that was reported in Khartoum State (11) and Ethiopia (12) , but better than the 35% reported in Uganda (9) . The lack of the forms in the hospitals was mainly caused by lack of follow-up of supplies.
Only 13 hospitals (42%) received feedback from the localities about the reports received from the hospitals, however, this was better than the 15% in Uganda, India and Ethiopia (9, 10, 12) . Again, the problem of receiving feedback was the result of poor follow-up because 1 feedback report is prepared by the locality for all the hospitals, but it is received in some but not in others in the same locality. In the previous study in Khartoum State, it was reported that all the localities and health areas produced a regular feedback report to the lower level (hospitals and health centres) but they did not document whether it was received at the hospitals (11).
Our study had the following limitations: (1) assessment was limited to hospitals only; (2) 2 hospitals were only contacted through telephone and were not visited; (3) public health officers who were outside the hospital at the time of the visit were interviewed by telephone; and (4) not all the core and support functions were addressed.
To conclude, case-based surveillance of meningitis in Khartoum State was found to be weak with regard to functions related to case confirmation. Such functions were not available in any of the rural hospitals and in only about half of the general and paediatric hospitals. The functions related to case reporting were better, especially availability of telephones and case reporting and investigation forms The situation can be improved by training laboratory and reporting unit personnel in all the hospitals, provision of the required supplies, and formulation and distribution of a protocol outlining how to deal with CSF samples in case the tests are not available in the hospital. Funding: None. Competing interests: None declared.
